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EGGSHELL MEMBRANE SEPARATION
METHOD

RELATED APPLICATIONS

This 1s a Divisional Application of U.S. Ser. No. 11/333,
697 filed Jan. 17, 2006, which application claims priority to
U.S. Provisional Patent Application No. 60/644,643, filed

Jan. 18, 2003, incorporated by reference herein 1n its entirety.

BACKGROUND OF THE INVENTION

The present invention relates to methods, apparatus, and a
system for eggshell membrane separation and a purified form
of egg shell membranes produced by the separation method.
The present invention addresses a number of different prob-
lems, some of which may seem unrelated without having the
benefit of this disclosure. The problems 1nclude, but are not
limited to, the costs associated with landfill disposal of egg
shell membranes, the need for elemental calcium for various
uses, and the need for collagen and other materials naturally
present 1n egg shell membranes. Some of these problems are

discussed i1n U.S. Pub No. 2003/0209617A1 to MacNeil, U.S.

Pat. No. 6,649,203B1 to Thoroski, U.S. Pub No. 2004/
0166213A1 to Thoroski, and U.S. Pat. No. 6,790,454B1 to
Abdul Malak et al, all of which are incorporated by reference
herein, each in its entirety.

In the U.S., there has been increased consumption of eggs
during the 1990s. In 1997, over 5,000 tons of eggshell mem-
branes have been available on the U.S. market. A related
problem to the processing necessary to support this magni-
tude of egg processing 1s the cost for landfill disposal of
cggshell membranes. This waste material created additional
problems as 1t 1s further observed that this type of hatchery
waste material 1s considered to be odiferous.

Eggshell powder 1s used 1n the food industry, including
amimal and human nutritional supplements. Eggshells pro-
vide approximately 36-37 percent elemental calctum 1n addi-
tion to traces of phosphorous and other trace elements. Thus,
for example, 500 mg of dried powdered eggshell provides
approximately 180 mg elemental calcium. This compared
vary favorably to other calcium salts. For example, calcium
carbonate provides 40 percent elemental calctum, calcium
citrate provides 21 percent elemental calcium, calcium lactate
provides 13 percent elemental calcium, calcium gluconate
provides 9 percent elemental calcium, dicalcium phosphate
provides 23 percent elemental calcium (and 19 percent phos-
phorus), and bone meal provides 20 percent elemental cal-
cium (and 17 percent phosphorus). A single large eggshell has
a mass ol approximately 6 g and provides approximately
2200 mg of calcium.

In addition to potential uses of the egg shell, the egg shell
membrane 1s known for being rich in a number of different
materials, including, without limitation collagen, hyaluronic
acid, lysine, histidine, arginine, threonine, glutamic acid, pro-
line, glysine, cysteine, valine, methionine, 1soleucine, leu-
cine, tyrosine, phenylalanine and tryptophan. Some of these
materials are well known as high value matenals, yet due to
various problems, these materials go to waste. For example,
consider that approximately 10 percent of an eggshell mem-
brane 1s collagen type I, V, and X. Over 300 tons of collagen
1s theoretically available. Collagen has a number of biomedi-
cal uses, wound dressing, including 1n skin grafts, tissue
replacement products, plastic surgery, angioplasty sleeves,
cornea repair, cornea implants, prosthetic implants, and other
applications. Collagen 1s also used 1n the cosmetic industry.
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Collagen constitutes about 20 to 30 percent of the total
body protein in vertebrates. It 1s a fibrous protein and func-
tions primarily as a supporting tissue and scaffolding for other
proteins and cells. It 1s present throughout the body but exists
in high concentrations in skin, tendon, and bone. Collagen 1s
recovered from these tissues by a variety of techniques the
oldest known method being the boiling of the tissue 1n water
which denatures some of the collagen and forms the well-
known gelatin upon cooling. For use as a biomaterial, how-
ever, collagen must be recovered 1n native, undenatured form,
with little or no destruction of the basic rigid triple helical
structure (tropocollagen).

Undenatured native collagen 1s recovered principally by
two methods. The first method 1s 1 solution by dissolving the
collagen 1n acids, bases, salts, or by enzyme digestion 1n
which case the collage becomes actually dissolved. The sec-
ond method 1nvolves extraction in solid, undissolved, fiber
form usually by the action of aqueous salt on minced, com-
minuted collagen raw material to produce a dispersion from
which the solid 1s recovered by centrifuge.

Hyaluronic acid 1s another example of a high value mate-
rial which 1s naturally present in and a constituent of egg shell
membranes. U.S. Pat. No. 6,946,551 to Long et al. generally
discloses deriving hyaluronic acid from eggshell membranes.
Hyaluronic acid can be used 1n various applications including
cosmetics, eye drops, nutraceuticals, and various other medi-
cal applications.

Thus, 1t 1s clear that it would be highly advantageous 1t
collagen, hyaluronic acid or other materials could be com-
mercially extracted from egg shell membranes. Despite the
general recognition of the tremendous potential value of egg
shell membranes when 1ts constituents are extracted, little has
been done to realize this value. Thus hatchery waste continues
to included unseparated egg shells which 1s still being sent to
land fills. The present inventor has recognized and discovered
numerous problems that prevent the use of egg shell mem-
branes. Including problems which prevent hatcheries from
separating egg shell membranes 1 a useable form. The
present mnvention has also recognized specific problems 1n the
context commercial context which provide additional chal-
lenges not present 1n a laboratory environment and heretofore
unappreciated.

One of the problems relates to environmental and sanitary
conditions associated with a hatchery. Present day production
processes were not designed with the 1dea of separating egg
shell membranes from egg shells and then extracting egg shell
membranes. Present day hatcheries are likely to have bactena
in suilicient amounts to contaminate eggshell membranes
during the process of separation.

Another problem relates to the need for a production pro-
cess for egg shell membrane separation which 1s continuous.
In the hatchery environment, hatchery waste 1s being continu-
ously produced, and therefore 1t would be highly desirable for
egg shell membranes to be separated from egg shells continu-
ously as well. To not do so, would create significant problems
in that either hatchery operation would be slowed, not all
hatchery waste would be processed, hatchery waste would
need to be processed when other hatchery operations were
olfline, or similar problems which would be unacceptable 1n
the hatchery environment.

Therefore 1t 1s a primary object, feature, or advantage ol the
present invention to improve upon the state of the art.

It 1s a further object, feature, or advantage of the present
invention to reduce waste used 1n egg processing.

Another object, feature, or advantage of the present inven-
tion 1s to produce egg shell powder from what would other-
wise be egg processing waste material.
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Yet another object, feature, or advantage of the present
invention 1s to produce high value produces such as collagen,
hyaluronic acid, or other types of polypeptides from what
would otherwise be egg processing waste material.

A still turther object of the present invention 1s to produce
new revenue streams for hatcheries and egg producers.

Yet a further object, feature, or advantage of the present
invention 1s to provide a method for separating egg shell
membranes from egg shells.

A still further object, feature, or advantage of the present
invention 1s to provide a method that reduces pathogens and
contaminants 1n powderized egg shells and eggshell mem-
branes.

Another object, feature, or advantage of the present inven-
tion 1s to provide for reducing odor associated with egg pro-
cessing and egg waste.

A further object, feature, or advantage of the present inven-
tion 1s to provide for continuous processing of egg shells.

Another object, feature, or advantage of the present inven-
tion 1s to provide for automated processing of egg shells.

Yet another object, feature, or advantage of the present
ivention 1s to provide for methods, apparatus, and systems
for processing egg shells that are scaleable.

A Turther object, feature, or advantage of the present inven-
tion 1s to provide for methods, apparatus, and systems for
processing egg shells that are cost effective.

A vyet further object, feature, or advantage of the present
invention 1s to provide for a systems for processing egg shells
that 1s portable.

A still further object, feature, or advantage of the present
invention 1s to provide for methods, apparatus, and systems
for processing egg shells that does not damage collagen,
hyaluronic acid or other materials to be extracted.

A still further object, feature, or advantage of the present
invention 1s to provide for a method of processing egg shells
which allows extraction processes to be performed on egg
shell membranes at locations remote from egg hatcheries.

One or more of these and/or other objects, features, and
advantages of the present invention will become apparent
from the specification and claims that follow.

BRIEF SUMMARY OF THE INVENTION

According to one aspect of the present invention, a method
for processing unseparated egg shells 1s provided. The
method includes separating egg shell membranes from the
egg shells, drying the egg shell membranes, and processin
the egg shell membranes after drying to extract at least one
type of polypeptide from the egg shell membranes. The step
ol separating can 1nclude placing the unseparated egg shells
in a flmd tank containing a fluid mixture, applying cavitation
to thereby separate the egg shell membranes from the egg
shells, recovering the egg shell membranes, and recovering
the egg shells. Preferably, the step of separating egg shell
membranes from the egg shells 1s performed by equipment
which provides for continuous processing of unseparated egg
shells. The process also preferably includes recirculating the
fluid mixture.

The drying process preferably includes drying the egg shell
membranes to a moisture content of between 3 percent and 10
percent by weight. The step of drying 1s performed at a tem-
perature which preserves the at least one polypeptide. For
example, where the type of polypeptides to extract 1s col-
lagen, the temperature should be less than the melting tem-
perature for collagen, and preferably less than about 40
degrees Celsius. Preferably the drying 1s infrared drying.
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After drying the egg shell membranes may be vacuum
packaged to facilitate storage or transport of the egg shell
membranes for later extraction processing. The egg shell
membranes can be further processed at a location remote
from the location where the separation process occurs. Dur-
ing extraction, the polypeptide extracted may be an amino
acid such as lysine, histidine, arginine, threonine, glutamic
acid, proline, glysine, cysteine, valine, methionine, 1soleu-
cine, leucine, tyrosine, phenylalanine, or tryptophan. The
polypeptide may be a protein, may be collagen, hyaluronic
acid, or other material of high value.

According to another aspect of the present invention, a
method for processing unseparated egg shells 1s provided.
The method includes placing the unseparated egg shells 1n a
fluid tank containing a fluid mixture, such as a mixture of
distilled water and acetic acid, applying cavitation to thereby
assist 1n separating the egg shell membranes from the egg
shells, recovering the egg shell membranes, and recirculating
the mixture of distilled water and acetic acid to thereby pro-
vide for continuous processing of unseparated egg shells. The
method may further include recovering the egg shells and
grinding the egg shells to produce egg shell powder. Also, the
method may further include drying the egg shell membranes
to produce dried egg shell membranes which may then be
vacuum packaged for storage and/or transport. The dried egg
shell membranes may then be subjected to an extraction pro-
cess for extracting at least one type of polypeptide from the
egg shell membranes. Collagen, hyaluronic acid, or amino
acids of interest may be extracted from the egg shell mem-
brane and purified for numerous uses.

According to another aspect of the present invention, a
system for processing unseparated egg shells 1s provided. The
system 1ncludes a fluid container containing a fluid mixture,
the fluid container having an inlet and an outlet. The system
also includes a mixer adapted for applying cavitation to the
fluid mixture to thereby assist 1n separating egg shells from
egg shell membranes and to move the fluid mixture from the
inlet to the outlet. There 15 at least one sieve positioned proxi-
mate the outlet to further assist in separating the egg shells
from the egg shell membranes. There 1s also a means for
recovering the fluid mixture at the outlet and providing the
fluid mixture to the inlet to thereby provide for continuous
processing of unseparated egg shells.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 15 a block diagram which provides an overview of
one embodiment of the system of the present invention.

FIG. 2 1s a perspective view illustrating one embodiment of
an egg shell membrane separation component which provides
for continuous processing.

FIG. 3 1s a perspective view 1llustrating internal structure
within the egg shell membrane separation component shown
in FIG. 2.

FIG. 4 1s a front view of another embodiment of an egg
shell membrane separation component which provides for
continuous processing.

FIG. 5 15 a perspective view of the egg shell membrane
separation component shown in FI1G. 4.

FIG. 6 1s a front view of another embodiment of an egg
shell membrane separation component.

(L]
=T
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DETAILED DESCRIPTION OF THE PR.
EMBODIMENT

The present mvention provides for separation of eggshell
membranes from egg shells in a manner which provides for
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significant advantages and benefits. In particular, but without
limitation, the present imvention provides for separation of
cggshell membranes from egg shells 1n a manner which
allows for continuous processing such that the separation can
occur at a hatchery, 1n a manner which reduces pathogens 1n
the eggshell membranes, 1n a manner which prevents damage
to high value materials within the egg shell membranes (such
as, but not limited to collagen or hyaluronic acid), and 1n a
manner which provides for preserving the egg shell mem-
branes for storage or transport.

FI1G. 1 1s a block diagram which provides an overview of
one embodiment of the system 10 of the present invention. As
shown 1n FIG. 1, hatchery waste 12 1s received. The hatchery
waste 12 consists of unseparated egg shells and egg shell
membranes that remain after the cracking process. Although
the term “unseparated’ 1s used, 1t 1s to be understood that there
may be some degree of separation at this point. This hatchery
waste 12 1s recetved at an egg shell membrane separation
component 14. The present invention contemplates numerous
embodiments for the egg shell membrane separation compo-
nent, and preferred embodiments will be described in greater
detail later herein. It 1s preferred that the egg shell membrane
separation component 14 provide for continuous processing
of hatchery waste 12. The egg shell membrane separation
component 14 outputs egg shell membranes 18 and egg shells
16 each type of resulting product may then be separately
processed. The egg shells 16 are conveyed to a grinding
component 20 1n order to produce eggshell powder 22. The
egg shell powder can be used 1n numerous ways, including 1n
amimal nutrition, as a human nutritional supplement, or oth-
Crwise.

The eggshell membranes 18 are then recerved at a drying
component 24. The drying component 24 preferably provides
for infrared drying. After drying, the egg shell membranes are
conveyed to an extraction component 26. The egg shell mem-
branes are preferably conveyed to a vacuum packaging com-
ponent 34 to package the egg shell membranes in a bag or
otherwise 1 order to preserve the egg shell membranes for
storage or transporting 32.

The extraction component 26 provides for extracting one
or more materials from the eggshell membranes. Although
various types of polypeptides may be extracted, of particular
interest 1s collagen 28, and various amino acids 30, including
hyaluronic acid (HA) 30. Such materials are high value mate-
rials which are difficult and/or expensive to obtain from other
sources.

FI1G. 2 1s a perspective view 1llustrating one embodiment of
an egg shell membrane separation component 100 which
provides for continuous processing. The system 100 includes
a main tank 102 for contaiming a fluid mixture of distilled
water recerved from the distilled water tank 106 and acetic
acid recerved from the acetic acid tank 108. Although the
present invention contemplates that different ratios of water
and acetic acid can be used, one such ratio 1s approximately 1
part water (preferably distilled water) and 1 part 5 percent
acetic acid. Such a solution comprises approximately 2.5
percent acetic acid. The use of acetic acid or vinegar assists in
climinating odors as well as killing pathogens such as bacte-
ria and viruses.

An 1nsertion cone 104 or funnel 1s shown for receiving
unseparated egg shells. In this particular embodiment, the
unseparated egg shells are placed within mesh containers,
such as, but not limited to mesh bags. In other embodiments,
mesh containers need not be used. The mesh containers are
then inserted into the insertion cone 104. Within the main tank
102 1s a mixer 116 which 1s best shown in FIG. 3. The mixer
116 can be a submersible mixer which 1s commercially avail-

10

15

20

25

30

35

40

45

50

55

60

65

6

able from Flygt, but may be of other type or design. Prefer-
ably there 1s a protective mesh screen 118 to protect the mixer
116 as shown 1n FIG. 3. The mixer 116 produces fluid flow to
assist 1n separating the eggshell membranes from the egg
shells. The movement of the fluid turns an outer auger 120 and
drives the mesh bags through the tank 102. An inner auger 122
1s used to drive the egg shells through the tank 102.

The structure of the outer auger 120 and the mnner auger 122
1s best shown 1n FIG. 3. There 1s an inner mesh sleeve 124
around the mner auger 122 to protect the mesh bags from the
inner auger 122. The inner mesh sleeve 124 1s also best shown
in FIG. 3. Friction forces assist 1in separating the egg shell
membranes from the egg shells. As shown 1n FIG. 2, a cal-
cium outlet 112 1s shown on the opposite end of main tank for
collecting the egg shells. A mesh bag outlet 114 1s shown for
collecting the mesh bags containing egg shell membranes.
Fluid from the separation process 1s recycled. A fluid recycle
tank 110 1s shown. Note that the embodiment shown 1n FIG.
2 allows for continuous egg shell separation processing which
1s highly desirable 1n the environment of a hatchery where a
continuous process produces hatchery waste in the form of
unseparated egg shells.

FIG. 4 1s a front view of another embodiment of an egg
shell membrane separation component which provides for
continuous processing. This embodiment may sometimes be
referred to as a U-turn embodiment. In the egg shell mem-
brane separation component 200 of FIG. 4, a funnel 202 1s
shown for recerving unseparated egg shells. Note that in this
embodiment, no mesh containers need be used, instead the
unseparated egg shells are placed directly 1n the Tunnel 202.
The funnel leads to an 1nlet for a conduit or pipe 204. The pipe
204 may be composed of a plastic material such as polyvinyl
chloride (PVC). The pipe 204 1s generally shaped to include
a U-turn. Withun the pipe 204 1s a mixer 206, such as a
submersible mixer commercially available from Flygt. The
mixer provides for cavitation within the pipe to drive fluid and
eggshells through the pipe and thereby assist in the separation
process. A support structure 208 1s shown for supporting the
pipe 204. In addition, a pipe separator 210, first sieve 212, and
second sieve 214 are shown. The pipe separator 210, first
sieve 212, and second sieve 214 assist 1n collecting the egg
shells separately from the egg shell membranes. The egg shell
membranes are separated onto a conveyor 216 while the egg
shells are separated onto a conveyor 218.

FIG. 5 15 a perspective view of the egg shell membrane
separation component 200 showing the outlet of the pipe 204.
The pipe separator 210 assists 1n separately recovering the
egg shell membranes and the egg shells, after the cavitation
action within the pipe 204 has separated the egg shells from
the egg shell membranes. A first mesh sieve 212 1s shown for
collecting the egg shell membranes which are larger than the
egg shells. A second mesh sieve 214 1s shown for collecting
the egg shells. Note that the fluid used 1n the egg shell mem-
brane separation component 200 1s recycled at the outlet of
the pipe 204 and back into the inlet of the pipe 204. The egg
shell membrane separation component 200 provides for con-
tinuous processing of unseparated egg shells into egg shells
and egg shell membranes.

FIG. 6 1s a front view of another embodiment of an egg

shell membrane separation component 300. The system 300
includes a first tank 302 and a second tank 304, with the first

tank 302 positioned above the second tank 304, the tanks
being supported by a support structure 306. The tanks 302,
304 contain a fluid comprising distilled water and acetic acid.
A mixer 308 is positioned within the first tank 302 for pro-
viding cavitation to assist in separating the egg shells from the
egg shell membranes. A membrane sieve 316 1s placed within
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the first tank 302 for collecting egg shell membranes. A valve
312 is positioned at the bottom of the first tank. When the
valve 312 1s opened, fluid containing the egg shells passes
through a mesh pipe filter such that the egg shells are recov-
ered via the outlet 318. The fluid from the first tank drains mto
the second tank where 1t 1s filtered and pumped by fluid
filter/pump 314 through the fluid recirculation pipe 310 back

into the first tank 302.

Returning to FIG. 1, a drying component 24 1s shown. The
present invention has identified four factors of particular
importance to be considered in the drying process. These
factors are temperature, moisture, speed, and size of particles.
With respect to temperature, the drying component 24 should
provide for drying the egg shell membrane 1n a manner that
does not damage material which 1s to be later extracted. For
example, where the material to be extracted 1s collagen, the
drying must be at a temperature lower than the melting point
of collagen, such as less than 50 degrees Celsius, and prefer-
ably less than about 40 degrees Celsius. For extraction of
collagen, the present inventor has determined that a range of
about 3 percent to 10 percent moisture (or any value within in
this range) as the moisture level for the eggshell membrane 1s
preferred. With respect to speed, the faster the drying process
the less contamination. Wet egg shell membranes are highly
problematic as they are a virtual breeding ground for patho-
gens such as harmful bacteria, including phytophagous bac-
teria (bacteria which eats plant tissue). Therefore, it 1s advan-
tageous to dry the egg shell membranes quickly with quick
evaporation. With respect to size of particles, the present
inventor has found a preferred range for the size of particles to
be bigger than about 3-4 mm 1n s1ze, preferably inthe range of
about 4 mm to about 7 mm.

The present inventor has tested various types of drying
components, including mirared drying, spray drying, con-
ductive heating, and freeze drying and has found infrared
heating to be pretferable. Examples of infrared heating com-
ponent which can be used include those which are commer-
cially available from MCD Technologies of Tacoma, Wash.,
USA. The present invention further contemplates that the
inirared heating can be combined with conductive heating to
thereby further decrease the amount of heating time. Intfrared
heating 1s preferred over spray drying as with spray drying,
increased bacteria levels have been observed. Infrared heat-
ing 1s preferred over freeze drying as freeze drying 1s gener-
ally impracticable 1in the context of a hatchery environment.
In addition, the cost of freeze drying can be high.

In another embodiment, the drying component uses the
REFRACTANCE WINDOW drying technology of MCD
Technologies which incorporates infrared heating. In this
process, the wet egg shell membranes are placed on the top
surface of a continuous sheet of special plastic. The conveyor
belt floats upon a surface of hot water. Infrared energy in the
circulating water beneath the belt passes directly into the
moist product. This rapidly dries it at atmospheric pressure
rather than under a vacuum. Such a drying component 1s
further described 1n U.S. Pat. No. 6,047,484 to Bolland, et al.,
hereby 1ncorporated by reference in its entirety. Where a
conveyor belt 1s used, 1t 1s preferred that the wet membranes
are taken 1n a single layer format to thereby promote quick
drying.

Returming to FI1G. 1, a vacuum packaging component 34 1s
shown. The present invention provides for vacuum packaging
dried egg shell membranes for storage or transport oif site to
a location remote from the hatchery. Numerous types of com-
mercially available vacuum packaging systems can be used.
Such a system 1s used to package the egg shell membranes 1n
vacuum sealed plastic bags or other containers. Of course, the
present mvention 1s not limited to the particular type of
vacuum packing system used.
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Although specific embodiments of the present mvention
are provided herein, the present invention 1s not to be limited
to these embodiments. The present invention contemplates
numerous variations in the specific methodology used and the
specific structures used. One skilled 1n the art having the
benetit of this disclosure will understand that numerous varia-
tions and substitutions are within the spirit and scope of the
invention.

What 1s claimed 1s:

1. A system for processing unseparated egg shells, com-
prising;:

a Tluid container containing a fluid mixture, the fluid con-
tainer having an inlet and an outlet and being a part of a
fluid recirculating loop to provide for continuous pro-
cessing of unseparated egg shells and recycling of the
fluid mixture;

a mixer positioned within the fluid recirculating loop and
having a plurality of cavitation blades to create cavita-
tion 1n the fluid mixture and thereby assist in separating
egg shells from egg shell membranes and to move the
fluid mixture from the inlet to the outlet;

at least one sieve positioned proximate the outlet to turther
assist 1 separating the egg shells from the egg shell
membranes.

2. The system of claim 1 further comprising a funnel proxi-

mate the inlet for receiving the unseparated egg shells.

3. The system of claim 1 wherein the at least one sieve
includes a first sieve for collecting egg shell membranes and
a second sieve for collecting egg shells.

4. The system of claim 1 further comprising a drying com-
ponent for drying the egg shell membranes.

5. The system of claim 4 further comprising a conveyor belt
for transporting the egg shell membranes from the atleast one
sieve to the drying component.

6. The system of claim 4 wherein the drying component
provides for inirared drying.

7. The system of claim 1 wheremn the container has a
substantially horizontal section wherein the separation of the
egg shell membranes from the egg shells takes place.

8. The system of claim 1 wherein the container 1s u-shaped.

9. The system of claim 1 wherein the container has
upstream and downstream ends, and the membranes and
shells both exit the container adjacent the downstream end.

10. A system for processing unseparated egg shells, com-
prising:

a fluid container for containing fluid and unseparated egg

shells;

the container having a first end for receiving unseparated
egg shells and a second end for discharging separated
egg shell membranes and cleaned egg shells;

a submersible mixer disposed within the fluid container to
assist in separating egg shells from egg shell membranes
wherein the mixer has cavitation blades; and

a sieve adjacent the second end to collect the egg shell
membranes as the fluid passes through the sieve.

11. The system of claim 10 further comprising a conveyor
belt positioned at the sieve for transporting the egg shell
membranes.

12. The system of claim 10 wherein the container has a
substantially horizontal section.

13. The system of claim 10 wherein the container i1s
u-shaped.

14. The system of claim 10 wherein the fluid 1s recirculated
from the downstream end to the upstream end of the con-
tainer.
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